Introduction {#S0001}
============

Oesophageal cancer is one of the most common cancers worldwide, with over 400,000 deaths annually.[@CIT0001] It ranked as the fourth leading cause of cancer-related death in China.[@CIT0002] Approximately 53% of ESCC cases occur in China, whereas the predominant subtype in Western countries is AC.[@CIT0003] Although improvements have been made in early diagnosis, better surgical techniques and multimodal treatment (chemotherapy, radiotherapy and surgery), recurrence cannot be easily avoided in most patients and the prognosis of ESCC still remains unsatisfactory.[@CIT0004] Clinically, many patients with similar pathological TNM stages and histologic classification have remarkably different survival outcomes. Some of the patients still experience recurrence within a short time, even with early TNM stages. The progression of ESCC is considered a multistep process that involves oncogenes and related proteins.[@CIT0005] Protein expression profiles may reflect the prognosis of the ESCC.[@CIT0006] Many researchers have attempted to find biomarkers to predict the overall survival of ESCC.[@CIT0006] Although numerous biomarkers have been suggested as potential prognosis factors of ESCC, there are still none that could be used for daily clinical work.

Fibrinogen plays an important role in regulating blood clotting, inflammation, and neoplasia.[@CIT0007] Many proteins and cytokines have to be bound to fibrinogen in order to fulfil their biological function.[@CIT0008] In cancer, increased fibrinogen activity was related to cancer cell growth and progression.[@CIT0009] Hyperfibrinogenemia is associated with colorectal,[@CIT0010] gastric,[@CIT0011] pancreatic[@CIT0012] and lung cancer.[@CIT0013] In NSCLC, hyperfibrinogenemia is a predictor of survival after surgical resection and of further treatment.[@CIT0013] Recently, some studies have shown that hyperfibrinogenemia is more prevalent in EC and it could be a predictor for survival of EC.[@CIT0009],[@CIT0014],[@CIT0015] However, the significance of serum fibrinogen in operable ESCC as a predictor of survival remains unclear. The sample size in previous studies were relevant small. We had more than 1000 patients. The previous studies collected the data from many years ago. During that time, many of the patients were without lymphectomy. We only used the data from 2015 to 2018. All patients received at least a two-fields lymph node dissection. We could evalue its relation with N stage accurately. This large dataset enabled us to expand the analysis on subgroup of ESCC. Therefore, a real world retrospective study from a prospective database was adopted to elucidate the potential correlation between serum fibrinogen and prognostic survival.

Materials And Methods {#S0002}
=====================

Patients And Treatment {#S0002-S2001}
----------------------

The project was approved by the Review Board and Ethics Committee of Henan Cancer Hospital (HCH), the affiliated Cancer Hospital of Zhengzhou University. The ethical approval number is 2018123. All patients provided written informed consent once they were in an inpatient department. This study was conducted in accordance with the Declaration of Helsinki. We included consecutive ESCC patients who underwent surgical resection at The Affiliated Cancer Hospital of Zhengzhou University/Henan Cancer Hospital from January 1, 2015 to June 13, 2018. All patients were newly diagnosed with ESCC and had not received any treatment. The patients were excluded based on the following characteristics: a pathological diagnosed of ESCC with any components of AC; patients with evidence of cervical or celiac lymph node metastases; patients with a history or coexisting cancer other than ESCC; incomplete data of follow up results, TNM stage and the concentration of serum fibrinogen; a concomitant disease which may have influence on the concentration of serum fibrinogen, such as blood coagulation disorders, severe hypertension and liver disease; a history of acetylsalicylic acid or aspirin use within 1 month before the collection of blood samples. A total of 1331 eligible patients were included in our study. The histological diagnosis was based on the classification criteria for oesophageal tumours of the World Health Organization (WHO). Pathologic stage was determined by the 7th edition AJCC staging system.[@CIT0016] Esophagectomy with extended or standard dissection of the abdominal and thoracic lymph nodes was executed.

The standardized follow-up was adopted for all patients. In the first 2 years after operation, a 3-month interval was employed and then a 6-month interval in the following 3--5 years and yearly thereafter. The evaluation comprised a physical examination, chest CT scans, and abdominal and cervical echography.

Fibrinogen Measurement {#S0002-S2002}
----------------------

Every patient provided 3--4 mL blood samples within 3 weeks prior to treatment. The concentrations of plasma fibrinogen were measured by the Clauss method (SIEMENS, Germany) using a coagulation analyser (Hismemakon, Japan). Following the instructions, the normal concentration of serum fibrinogen is 1.0--\<4.0 g/L, and the hyperfibrinogenemia is ≥4.0 g/L.

Statistical Analysis {#S0002-S2003}
--------------------

The continuous and categorical variable of fibrinogen concentration was analysed after grouping by hyperfibrinogenemia and normal levels. The association between the serum fibrinogen concentration and clinicopathological variables were tested by the chi-square test and Mann--Whitney *U*-test, respectively. Kaplan--Meier curves and Cox proportional hazards regression were used to analyse the overall survival. Covariates with a P-value ≤0.2 in univariate analysis were applied in the multivariate model. All statistical calculations were performed by R language 3.4.1 for Windows. A value of p \< 0.05 was considered statistically significant.

Results {#S0003}
=======

A total of 1331 ESCC patients were enrolled in this study. [Table 1](#T0001){ref-type="table"} shows the characteristics of these patients. The patients comprised 923 males (69.35%) and 408 females (30.65%). The median age of the study population was 64 years (range: 41--85 years). There were 572 patients (43.63%) with a history of drinking alcohol and 644 (48.64%) with a history of smoking. Based on the 7th AJCC staging system, 169 of the cases (12.70%) were stage IA, 219 (16.45%) stage IB, 226 (16.98%) stage IIA, 238 (17.88%) stage IIB, 219 (16.45%) stage IIIA, 95 (7.14%) stage IIIB and 165 (12.40%) stage IIIC.Table 1Association Of Serum Fibrinogen Level With Clinicopathological Factors In Patients With Esophageal Squamous Cell CarcinomaFactorsPatients, n (%)Fibrinogen*p*Fibrinogen*p*Normal (2-4g/L)Hyperfibrinogenemia (≥4g/L)Media (mean, 25th-75th)Age (years)0.4860.040\*≤63665(49.96)605(49.67)60(53.10)2.79(2.97,2.40--3.38)\>63666(50.04)613(50.33)53(46.90)2.95(2.91,2.48--3.38)Sex0.5740.405Female408(30.65)376(30.87)32(28.32)2.90(2.96,2.48--3.38)Male923(69.35)842(69.13)81(71.68)2.86(2.94,2.40--3.38)Smoking (7 missing data)0.2350.762Never680(51.36)628(51.86)52(46.02)2.90(2.94,2.45--3.38)Ever/current644(48.64)583(48.14)61(53.98)2.86(2.95,2.43--3.38)Alochol (20 missing data)0.1590.467Never739(56.37)684(56.95)55(50.00)2.86(2.92,2.45--3.33)Ever/current572(43.63)517(43.05)55(50.00)2.86(2.97,2.43--3.44)pT stage\<0.001\*\<0.001\*T1a103(7.74)102(8.37)1(0.88)2.71(2.73,2.28--3.13)T1b103(7.74)102(8.37)1(0.88)2.61(2.71,2.28--3.15)T2326(24.49)304(24.96)22(19.47)2.79(2.88,2.43--3.27)T3665(49.96)593(48.69)72(63.72)2.95(3.02,2.48--3.56)T4134(10.07)117(9.61)17(15.04)2.99(3.07,2.61--3.62)pN stage0.1090.030\*N0838(62.96)779(63.96)59(52.21)2.83(2.90,2.40--3.33)N1301(22.61)265(21.76)36(31.86)2.95(3.01,2.48--3.44)N2156(11.72)140(11.49)16(14.16)2.88(2.97,2.39--3.56)N336(2.70)34(2.79)2(1.77)3.10(3.15,2.81--3.31)pTNM staging\<0.001\*\<0.001\*IA169(12.70)167(13.71)2(1.72)2.71(2.72,2.29--3.13)IB219(16.45)205(16.83)14(12.07)2.86(2.93,2.46--3.36)IIA226(16.98)204(16.75)22(18.97)2.90(2.98,2.44--3.50)IIB238(17.88)218(17.90)21(18.10)2.83(2.92,2.43--3.33)IIIA219(16.45)192(15.76)28(24.14)2.90(2.98,2.44--3.44)IIIB95(7.14)86(7.06)9(7.76)2.99(3.03,2.53--3.56)IIIC165(12.40)146(11.99)20(17.24)2.99(3.08,2.68--3.62)[^2][^3]

Characteristics Of Patients {#S0003-S2001}
---------------------------

The median concentration of serum fibrinogen was 2.86 g/L in all patients (range: 1.01--4.91 g/L). A total of 113 patients (8.49%) had hyperfibrinogenemia (4 g/L) and 1218 (91.51%) had a normal serum fibrinogen concentration (\<4 g/L). Serum fibrinogen concentration was significantly associated with pathological stage. The continuous variable of fibrinogen concentration was significantly higher in early stages (II and I) than in advanced stages (III) (2.90 vs 3.02, p=0.003). The analysis of categorical variables found that it was also related to age ([Table 1](#T0001){ref-type="table"}).

Survival {#S0003-S2002}
--------

The follow-up was conducted from 0.22 to 36.4 months, with a mean period of 15.7 months. The 3-year overall survival rate was 70.63%. The concentration of serum fibrinogen was inversely correlated with overall survival. Patients with a normal serum fibrinogen concentration had higher 33-month overall survival rates (70.77 vs 68.49%) than those with hyperfibrinogenemia. The patients with hyperfibrinogenemia had a worse overall survival ([Figure 1](#F0001){ref-type="fig"}) than patients with normal fibrinogen. This was indicated by Kaplan--Meier survival curves and shown in [Figure 1](#F0001){ref-type="fig"}. Multivariate Cox proportional hazards model analysis revealed that hyperfibrinogenemia was an independent prognostic factors in operable ESCC (P=0.007, [Table 2](#T0002){ref-type="table"}). With adjustment for covariates, we found that hyperfibrinogenemia patients had 67.2% higher risks of death Hazard Ratio (HR) =1.672, 95% CI: 1.043--2.681. Hyperfibrinogenemia had an elevated risk of death compared to normal fibrinogen levels.Table 2Univariate And Multivariate Analyses Of Overall Survival In 1331 Cases Of Esophageal Squamous Carcinoma PatientsVariablesUnivariate AnalysisMultivariate AnalysisHR95% CI*P* valueHR95% CI*P* valueAge (≤63 years vs \>63 years)0.9590.703--1.3070.790Gender (male vs female)1.2070.853--1.7080.289Smoking (Yes vs No)1.2840.940--1.7540.1160.8600.557--1.3260.859Alochol (Yes vs No)1.4440.057--1.9730.0211.4700.956--2.2600.080T staging (T1-2 vs T3-4)2.2121.536--3.184\<0.001\*1.6941.087--2.6380.020\*N staging (N0 vs N1-3)3.5272.551--4.877\<0.001\*2.9731.732--5.103\<0.001\*pTNM staging 7th (Ⅰ,Ⅱ vs Ⅲ)0.3140.228--0.433\<0.001\*0.9100.503--1.6440.754Fibrinogen (normal vs high)1.8731.183--2.9640.007\*1.6721.043--2.6810.033\*[^4][^5] Figure 1Kaplan-Meier overall survival analysis of ESCC patients (n = 1331). Overall survival (OS) subdivided by serum fibrinogen level (log rank test, P = 0.007).

Subgroup Analysis {#S0003-S2003}
-----------------

Univariate survival analyses stratified by age, gender, smoking status, alcohol consumption, and pathological stage were conducted. We found that hyperfibrinogenemia was associated with decreased OS in patients with a young age ≤63, female gender, never-smoking, never alcohol consumption, N0 stage ([Figure 2A](#F0002){ref-type="fig"}) and early pathological stage (I-II) ([Figure 2B](#F0002){ref-type="fig"}) (P\<0.05, [Table 3](#T0003){ref-type="table"}). However, there was no significant association between serum fibrinogen and OS in patients with an age \>63, male, smoking, alcohol consumption, N1-3, and advanced pathological stage III-IV (P\>0.05).Table 3Subgroup Analysis By Serum Fibrinogen For Overall Survival In Patients With Esophageal Squamous Cell CarcinomaPrognostic FactorsOverall SurvivalMean(m)*p*Age(years)≤630.011\*Normal level30.76Hyperfibrinogenemia27.21\>630.201Normal level29.33Hyperfibrinogenemia27.44SexFemale0.002\*Normal level31.06Hyperfibrinogenemia25.74Male0.180Normal level29.43Hyperfibrinogenemia27.90Smoking (7 missing data)Never\<0.001\*Normal level31.05Hyperfibrinogenemia25.42Ever/current0.180Normal level29.43Hyperfibrinogenemia27.90Alochol (20 missing data)Never\<0.001\*Normal level31.15Hyperfibrinogenemia26.39Ever/current0.844Normal level28.72Hyperfibrinogenemia28.31pT stageT1-20.123Hyperfibrinogenemia31.79Ever/current28.98T3-40.065Hyperfibrinogenemia28.77Ever/current26.49pN stageN00.002\*Hyperfibrinogenemia32.53Ever/current29.34N1-30.323Hyperfibrinogenemia26.50Ever/current24.62pTNM stagingStage I-II0.004\*Hyperfibrinogenemia32.01Ever/current28.96Stage III0.303Hyperfibrinogenemia26.93Ever/current25.10[^6][^7] Figure 2Kaplan-Meier Subgroup overall survival analysis of ESCC. (**A**) Kaplan-Meier curves of overall survival (OS) subdivided by serum fibrinogen level in patients with pathological N0 ESCC (n = 838) (log rank test, P = 0.002), (**B**) Kaplan-Meier curves of overall survival (OS) subdivided by serum fibrinogen level in patients with pathological stage I-II ESCC (n = 852) (log rank test, P = 0.004).

Discussion {#S0004}
==========

The association between the progression of malignancies and coagulation has been explored for many years. An increasing number of studies have demonstrated that serum fibrinogen was associated with tumour invasion, progression and unfavourable prognosis in colorectal,[@CIT0012] lung,[@CIT0013] gastric[@CIT0011] and EC.[@CIT0014] A recent study with a large cohort indicated that hyperfibrinogenemia was significantly associated with poor prognosis of operable EC.[@CIT0014],[@CIT0015] However, they explored the patients from 2000--2008.[@CIT0014] During that time, lymph node samples were also accepted. Many patients without any lymphadenectomy were included, which is not currently acceptable and may be a confounding factor and significantly affect the overall survival. In the current study, we adopted the linkdoc data technology, used a prospective database and performed a large cohort retrospective study containing 1331 ESCC with detailed follow-up data from 2015 to 2018. All patients received at least a two-fields lymph node dissection. The confounding factors, potential bias and heterogeneity might be minimized. This large dataset enabled us to expand the analysis on subgroup of ESCC. For example, the hyperfibrinogenemia is a more useful prognosis factor in early TNM stage I-II and N0 ESCC. This is the largest sample size study evaluating the prognosis of serum fibrinogen in predicting the OS of operable ESCC until now.

Our report suggested that hyperfibrinogenemia was significantly related to advanced pathological T stage, TNM stage and poor prognosis. The hyperfibrinogenemia was indicated as an independent prognostic factor in ESCC by multivariate analysis. We also found that the concentration of fibrinogen level was closely associated with age, advanced pathological T stage, lymph node metastasis and TNM stage. Our results were consistent with previous studies.[@CIT0014],[@CIT0017],[@CIT0018] We all demonstrated that hyperfibrinogenemia was significantly related to the depth of invasion and advanced pathological stages in ESCC.[@CIT0014],[@CIT0017],[@CIT0018] However, Zhang et al[@CIT0014] reported that the increased serum fibrinogen was also associated with smoking and alcohol consumption. Our data showed a different conclusion. These data suggest that the concentration of serum fibrinogen before treatment might be helpful for classification of clinical T staging. Interestingly, our study demonstrated that hyperfibrinogenemia was not correlated with the N stage, consistent with previous studies[@CIT0013],[@CIT0019] and inconsistent with the report of Zhang et al[@CIT0014]. Although the study of Zhang et al[@CIT0014] had a large sample size, many of the patients were without lymphectomy, and therefore, it may not be credible. Hyperfibrinogenemia might serve as a local regulator rather than a systematic mediator for ESCC. The major strength of our study is the large cohort from 3 recent years. Hyperfibrinogenemia alone cannot be a useful predictor for lymph node status but can be for the T status.

In this study, the concentration of serum fibrinogen was correlated with patient outcome. The hyperfibrinogenemia patients had a decreased OS compared to those with normal levels. Moreover, a multivariate analysis showed that the pretreatment serum fibrinogen was an independent prognostic biomarker in operable ESCC patients. The hyperfibrinogenemia patients had 1.672 times the risk of death of those with normal fibrinogen level. These results are consistent with previous studies based on relatively small cohorts[@CIT0018] and the old data from 10 years ago.[@CIT0014] In the report by Zhang et al[@CIT0018] and a report by another Zhang et al,[@CIT0014] patients with hyperfibrinogenemia exhibited a 1.27-fold and 1.20-fold increased relative risk of death compared patients with normal fibrinogen level, respectively.

More importantly, within the large population of ESCC, we conducted a subgroup analysis and revealed that hyperfibrinogenemia was associated with decreased OS in ESCC patients with younger age (≤63 years), female, without a history of smoking and alcohol consumption, pathological N0 and early pathological stage (I-II). However, for patients with advanced pathological N stage and TNM stage (III-IV), serum fibrinogen was not associated with OS. Alcohol consumption and smoking may activate more oncogenes and dismissed the efforts of serum fibrinogen.[@CIT0020] They may contribute to the ESCC progression through different signal pathways.[@CIT0021] These might be hints for laboratory studies to determine the biological function of serum fibrinogen. It also might serve as a useful predictor for survival in patients with ESCC, especially in those with pathological early stage and N0. Further exploration is needed to determine whether the pretreatment serum fibrinogen level is useful in identifying those who will benefit from perioperative treatment.

This study was limited in its single-centre design and retrospective nature. The selection bias cannot be avoided. Another main problem was the lack of recurrence data. The information on recurrence is still being contributed by the linkdoc database, so we cannot perform an analysis of DFS.

In summary, hyperfibrinogenemia is an independent prognostic biomarker for overall survival in operable ESCC, especially in pathological stage I-II ESCC and N0 patients. In the future, laboratory research as well as prospective clinical trials should be employed to confirm the biological function and its prognostic significance in ESCC.
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